Abstract Diet and lifestyle play a significant role in the development of colorectal cancer, but the full complexity of the association is not yet understood. Dietary pattern analysis is an important new technique that may help to elucidate the relationship. This review examines the most common techniques for extrapolating dietary patterns and reviews dietary pattern/colorectal cancer studies published between September 2011 and August 2012. The studies reviewed are consistent with prior research but include a more diverse international population. Results from investigations using a priori dietary patterns (i.e., diet quality scores) and a posteriori methods, which identify existing eating patterns (i.e., principal component analysis), continue to support the benefits of a plant-based diet with some dairy as a means to lower the risk of colorectal cancer, whereas a diet high in meats, refined grains, and added sugar appears to increase risk. The association between colorectal cancer and alcohol remains unclear.
Introduction
Colorectal cancers are the third most commonly diagnosed cancer in men and the second most commonly diagnosed cancer in women worldwide [1] . Previous reports have concluded that diet and lifestyle choices play a significant role in the development of colorectal cancer [2] . In 2007, the World Cancer Research Fund (WCRF) and the American Institute for Cancer Research (AICR) jointly issued a groundbreaking report entitled "Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective," commonly referred to as the "Second Expert Report" [3] . Convincing evidence in the report connects several specific diet and lifestyle behaviors to the development of colorectal cancer. However, the report also noted several areas where associations were inconclusive. The authors highlighted the need for new methods of investigation to further the understanding of the causal relationship between diet, lifestyle, and cancer development. One such area cited was examination of "broad patterns of diets, and the interrelationship between elements of diets.…" [4] .
A 2010 update of the colorectal cancer section of the report included many new studies that utilized a broader approach of examining diet in the form of dietary pattern investigation [5] . The 2010 report reclassified certain dietary factors previously linked at the probable level to the convincing level; however, many suspected associations continued to be ambiguous, necessitating a need for continued research and review. Since the 2010 update, several new dietary pattern studies have been published, adding to the current knowledge base. The goal of this review is to provide an overview of the benefits of applying dietary pattern analysis to the investigation of colorectal cancer, briefly describe the most common techniques for extrapolating dietary patterns, and update the evidence linking colorectal cancers to dietary patterns published since 2010.
during the past 15 years. Dietary patterns have gained favor as a comprehensive method of examining diet that better captures the in vivo interrelationship of nutrients as they are consumed within a population. Dietary patterns are particularly useful for the investigation of diet and chronic disease development, because chronic disease often is influenced by many interacting variables that modify each other's impact [6] . Unlike the traditional single-nutrient model, measures of total diet quality take into account undiscovered and undefined characteristics of foods and account for interaction between all nutrients at the levels they are present in the diet.
The term dietary pattern is used in the literature in reference to several techniques of defining total diet quality [7] . Two primary approaches to derivation of dietary patterns have been identified. The first is the creation of an a priori algorithm to compute a dietary index or score resulting in the creation of a single numerical score indicating total dietary quality. The second approach derives dietary patterns empirically by applying statistical techniques a posteriori to existing dietary data to elucidate distinct patterns as they exist within a given cohort. Both techniques have been shown to reflect validly population dietary patterns but have different purposes in what they seek to evaluate [8] .
A Priori Dietary Patterns
A priori dietary patterns generally take the form of indices and scores designed to compare an individual's intake to a set of expert guidelines defining dietary quality. Expert guidance on optimal dietary behavior for disease prevention often is the synthesis of multiple lines of research, suggesting a relationship between consumption or avoidance of individual foods or nutrients and disease development. When guidelines are created recommending consumption of nutrients and foods in a systematic manner, they reflect the informed opinions of the experts involved, which may or may not have the predicted impact on disease risk. Creation of an index or score based on expert guidelines seeks to evaluate the realistic effect of greater adherence to the dietary pattern created from guidelines based on single nutrient/food data [9] . Several new studies that employed this technique, including a study examining adherence to the WCRF 2007 recommendations and risk of colorectal cancer development [23] , are discussed later in this review.
A Posteriori Dietary Patterns
Empirically derived dietary patterns are statistically extrapolated from observed patterns of consumption within a given cohort. The objective of empirically derived dietary patterns is to identify favorable profiles associated with disease prevention, as well as unfavorable profiles as they exist in a given community [6] [7] [8] [9] .
There are several strengths of examining a posteriori dietary patterns. First, data-driven analysis can identify many different types of dietary patterns as they exist within different populations, whereas a nutrition index or risk score only ranks on a continuum or indicates in a linear manner whether recommendations are met. It is desirable to be able to identify multiple dietary patterns, because it is probable that multiple dietary patterns found within diverse populations are beneficial for disease prevention. Whereas indexand score-based methods of summarizing dietary patterns are helpful to evaluate specific dietary goals or questions, they do not capture the full range of beneficial diets, because they are limited by predetermined hypotheses. Second, empirically derived dietary patterns are very useful when there is little or no information to inform expert guidance for the creation of indexes and scores. Finally, a significant advantage of examining empirically derived dietary patterns within a population is that in addition to quantifying healthful diets, they are effective for identification of dietary patterns associated with increased risk of disease. Once identified, these high-risk patterns can then be targeted for prevention efforts.
Several techniques have been applied to derivation of a posteriori dietary patterns. Factor analysis has become the most common manner of extrapolating patterns, and within the broader technique, principal component analysis (PCA) has been predominantly used. Factor analysis has been used in many different cohorts internationally and usually results in identification of two or three main patterns. Because factor analysis creates a continuous scale, tertiles, quartiles, or quintiles within each pattern are usually examined to minimize confounding caused by similar dietary habits of individuals at the center of the continuum. At the center, an artificial cutoff must be made to divide the groups, but individuals whose diets fall in the middle of the range are more alike than they are different.
A less commonly used technique known as cluster analysis also has been used. Unlike factor analysis, which sorts the cohort based on input factors, such as foods and food groups, cluster analysis determines groups by focusing on differences in intake among individuals [9, 10] . Factor analysis and similar techniques result in groups that overlap each other; conversely cluster analysis determines discrete patterns of intake among subgroups creating nonoverlapping clusters.
During the past several years, a lesser known a posteriori method known as reduced rank regression (RRR) also has emerged. Reduced rank regression is somewhat similar to principal component factor analysis in that linear functions of predictor variables, such as food groups, are identified, but instead of explaining variance directly in intake, an intermediate variable, such as a biomarker (or biomarkers), is used for the variance variable [11] . The technique has been promoted as having the combined strengths of both a priori and a posteriori methods, because RRR uses two information sources: prior information, which allows this method to account for current scientific evidence, and data from the study, which allows them to represent in vivo correlation of dietary components. The major limitation of RRR concerns the use of a biomarker in the model. If the biomarker is not a good proxy measure, the model will contain a significant source of error that may influence findings. Due to this limitation, few studies using RRR are published to date. However, one manuscript, published in 2011, that used a related technique [18] is reviewed later. . Studies available for inclusion in the meta-analysis were primarily from North American and European populations. The two most common dietary pattern types identified within the body of literature reviewed were a healthy pattern characterized by high fruit and vegetable intake and an unhealthy "western" pattern with a predominance of meat and refined grains. A few studies also identified a high alcohol "drinker" pattern. The healthy pattern was associated with a lower risk of colon cancer, whereas the western pattern was associated with a higher risk. Neither pattern was associated with rectal cancer. Within the meta-analysis, the drinker pattern was associated with neither colon nor rectal cancer.
A Posteriori
Between September 2011 and August 2012, five studies used a posteriori dietary patterns to examine risk of colorectal cancer development. Results from these studies are described in more detail in Table 1 . Of these studies, three came from South America, one from Europe, and one in black Americans. All three South American studies were case-control designs.
One small study (45 cases, 95 controls) from the Cordoba province in Argentina identified three major dietary patterns [13] , including a "Southern Cone" pattern, which was characterized predominantly by red and processed meats, starchy vegetables, wine, fats, and oil; a "high sugar drinks" pattern with high intake of sugar-sweetened beverages, foods with added sugar, fats and oil, fish and poultry; and a "prudent pattern" high in dairy foods, fruits, vegetables, poultry, and fish. The high, sugar-sweetened beverages pattern was strongly associated with development of colorectal cancer, followed by the Southern Cone pattern. In contrast with the other two dietary patterns, the prudent pattern was associated with lower odds of colorectal cancer development.
Another study by DeStefani et al. looked at 610 cases and more than 1,200 controls in Uruguay [14] . Application of factor analysis derived four food-based dietary patterns, including a "prudent pattern" high in fruits, vegetables, and white meat intake; a "western pattern" high in red meat, grains, and tubers intake; a "drinker pattern" high in alcohol and processed meat consumption; and in men only, a "traditional pattern" high in eggs, vegetables, fruits, and grains. The prudent pattern was inversely associated with colorectal cancer in both men and women. The western pattern was directly associated only with increased risk for colon cancer, and the drinker pattern was marginally associated with total colorectal cancer only in men. The men-only traditional pattern, which is similar to the prudent pattern high in fruits and vegetables, also was inversely associated with colorectal cancer.
DeStefani et al. also examined dietary patterns derived based on nutrients rather than foods within the same cohort resulting in three patterns [15] . The meat-based pattern resembled the food-based western pattern and was high in animal protein and fat from red and processed meats, dairy, and eggs. The plant-based pattern was similar to the foodbased prudent pattern and was high in vitamin C and carotenoids. The carbohydrate pattern consisted of high intakes of both refined and unrefined grains. Similar to their findings with food-based patterns, in the nutrient-based analysis the meat-based pattern was associated with higher odds of colorectal cancer and the plant-based pattern with lower odds of colorectal cancer. The carbohydrate pattern showed no association with risk.
A hospital-based, case-control study in Portugal used both principal component analysis and cluster analysis to derive dietary patterns [16] . Magalhaes et al. first derived ten dietary patterns with principal component analysis and then, based on these patterns, grouped participants into three final patterns based on their intake similarities. The first pattern was a typical healthy pattern with high intake of fruits, vegetables, whole grains, poultry, fish, and dairy products. The second was a western-like pattern high in red and processed meat, refined grains, sweets, and alcoholic beverages. The last pattern was characterized by moderate consumption of foods commonly found in both of the previous two patterns. In comparison with the healthy pattern, the moderate consumption pattern was most strongly associated with rectal cancer, but still had a weaker association with colon cancer. The western-like pattern was strongly associated with total colorectal cancer and colon cancer. Although there was a suggestion of a specific association between the western-like pattern and rectal cancer, it did not reach statistical significance.
In a large cohort of U.S. black women focused on colorectal adenoma incidence, two dietary patterns were derived [17•] . The "prudent pattern" extrapolated in this population is similar to the "healthy" pattern derived in other populations and is characterized by a plant-based diet with low-fat animal products. The "western" pattern was similar to a typical unhealthy pattern of animal protein, fat, refined grains, and sugar. After 10 years of follow-up, a higher risk for colorectal adenomas was observed with increasing adherence to the western pattern and a lower risk was observed with the prudent pattern. Another approach to derive dietary patterns is to identify foods that are correlated with biomarkers of colorectal cancer risk. When the goal is to identify foods that are simultaneously correlated with several biomarkers, the reduced rank regression procedure outlined earlier is used. If there is only one biomarker being considered, linear regression can be employed. This process was applied in a cohort of U.S. women with fasting C-peptide as the biomarker for colorectal cancer in the Nurses' Health Study cohort [18•] . A diet high in red meat, fish, sugar-sweetened beverages but low in dairy, coffee, and whole grains was correlated with a higher C-peptide level. Adherence to this pattern appeared to increase colon cancer risk only among those with a body mass index (BMI) > 25 or who were inactive.
Conclusions from a Posteriori Dietary Pattern Studies
Studies from the past 2 years continue to indicate the benefits of a plant-based pattern with some dairy products as a means to lower the risk of colorectal cancer, whereas a diet high in meats, refined grains, and added sugar appears to increase the risk. There was remarkable consistency across these studies in the patterns derived by principal component analysis, as well as looking at results across different geographic and ethnic populations. Regardless of the name given to the patterns by the investigators, a plant-based pattern and an animal food and refined grains pattern emerged from each population. It is notable that the number of food groups, the exact type of foods within each food group, and the quantity of consumption differed between populations. However, the consistency of results suggests that specific differences in foods are less important than consuming an overall plant-based diet in colorectal cancer prevention. Although there were relatively few studies in Asian and South American populations, existing data appeared to indicate that results do not differ between different ethnic backgrounds.
In interpreting the results, one must keep in mind that both principal component analysis and cluster analysis identify existing eating patterns. Therefore, even when an association is detected, it does not represent the most beneficial or the most detrimental eating pattern. On the other hand, because patterns derived by reduced rank regression or linear regression focus on associations with selected biomarker(s), the food groups identified may not be intuitively logical and may contain a combination of food groups that may not represent known common eating patterns.
A Priori Diet Quality Scores and Colorectal Cancer
A priori diet quality scores measure adherence to dietary recommendations for general health or specific disease prevention. Previous studies have examined a variety of dietary quality scores that were not originally constructed specifically for colorectal cancer prevention but have observed a lower risk of colorectal cancer with better adherence to these guidelines [19] [20] [21] . Guidelines evaluated included the DASH score (Dietary Approaches to Stop Hypertension) [19, 21] , which is a set of general healthy eating guidelines, the Healthy Eating Index 2005, and its modified version the Alternate Healthy Eating Index [20] . They share similar features in emphasizing fruits, vegetables, and whole grains intake, and discouraging excessive animal products consumption. Adherence scores also have been developed for regional diets, such as the Mediterranean diet, which include characteristics that have been shown to be beneficial [22] .
Since 2010, several studies have looked at the association between total diet quality as measured by an a priori diet quality score and development of colorectal cancer. Studies are summarized in Table 2 . As with prior research, no score was specifically developed for colorectal cancer prevention, but one study published in the past year investigated a score based on the 2007 World Cancer Research Fund and the American Institute of Cancer Research Second Expert Report guidelines [3] .
Besides emphasizing fruits and vegetables and discouraging red meats, the WCRF/AICR guidelines promote unprocessed cereals and recommend lower intake of energydense foods, refined starch, sugary drinks, and foods preserved with salt. Romaguera et al. constructed an adherence score to these guidelines with a maximum of 6 points for men and 7 points for women, including an additional breastfeeding recommendation [23••] . This set of guidelines was tested using data from the EPIC cohort, which is a multicountry European follow-up study. Among almost 39,000 adults followed for a median of 11 years, adherence to these guidelines was clearly associated with a lower risk for colorectal cancer. Each one point increase in the score conferred a 22% risk reduction (relative risk 0 0.88; 95% confidence interval 0 0.84, 0.91).
It is not surprising that adherence to these guidelines resulted in a lower colorectal cancer risk, because many of the WCRF guidelines were shown individually to influence colorectal cancer risk. Red and processed meats and being overweight are well-established risk factors [24, 25] . Highfiber intake had been shown to potentially reduce risk [26] . Quickly digested carbohydrates in the form of refined grains and sugary drinks may increase colorectal cancer risk through the insulin-IGF (insulin like growth factor) axis, although evidence for an in vivo effect is limited [27] . The European Food Safety Authority also established a set of seven guidelines on carbohydrates, total fat, linoleic acid, alpha-linolenic acid, eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), fiber, and water. An adherence score of 0 to 6 was constructed for an Italian hospital-based, case-control study (1,953 cases, 4,154 controls) [28] . Whereas this score was not associated with overall colorectal cancer risk, among men, there was a suggestion that the top score (6 points) was inversely associated with risk of colon cancer (relative risk 0 0.78; 95% confidence interval 0 0.31-1.54, not statistically significant). Among women, a higher score actually conferred a higher risk of rectal cancer, and there was no association with colon cancer. When the authors analyzed individual components of the score, there was a suggestion that linoleic acid and alpha-linolenic acid were weakly associated with colorectal cancer risk. However, there is no evidence from the existing literature to suggest that these two fatty acids, or polyunsaturated fatty acids, are associated with colorectal cancer or specifically rectal cancer risk.
In this case-control study, dietary information was obtained after the participants were informed of their diagnosis. Therefore, recall bias may have occurred; however, it is difficult to speculate what types of foods the cases and controls would report differently. Among the components of this score, only fiber has been clearly shown to reduce the risk of colorectal cancer [26] . Therefore, it is not surprising that the score was not associated with colorectal cancer.
The traditional Mediterranean diet of the 1960s consists of high intakes of plant foods and olive oil, moderate amounts of dairy, and low quantities of red meat and sweets [29] . Previous studies have shown that adherence to the Mediterranean diet was associated with a lower risk of colorectal cancer [20, 21] . A cohort study from the Italian arm of the EPIC study adds to that body of evidence [30] . A Mediterranean diet score specific to the Italian population, the Italian Mediterranean Index, was constructed. The 12-point score emphasized high intakes of pasta, common Mediterranean vegetables, fish, olive oil, and legumes and discouraged intakes of red meat, sugary beverages, potatoes, and butter. After a mean follow-up of 11 years, individuals at the top half of the score range had half the risk of colorectal cancer than those who scored 0 or 1 point in the score. A lower risk was observed in both colon and rectal cancers.
In addition, data from a hospital-based, case-control study in Greece, with 250 cases and controls each also supported the benefits of the Mediterranean diet [31] . This study utilized a 15-component adherence score with a maximum of 75 points. For each point increase in this Modified Mediterranean Diet score, a 12% reduction of colorectal cancer odds was observed (95% confidence interval 0 0.84-0.92). Individuals with or without metabolic syndrome benefited equally. Just as with the WCRF recommendations, the Mediterranean diet also included many of the dietary features that have shown to reduce colorectal cancer risk, including low red meat and sweets intake, high consumption of plant foods, and moderate dairy intake [32] .
A six-point healthy Nordic food scale consisting of common Scandinavian foods, including apples and pears, cabbage and root vegetables, rye bread and oatmeal, and fish, was constructed for a Danish study [33] . After a median of 13 years of follow-up, a significant colorectal cancer risk reduction of 35% (confidence interval 6-54%) was observed in women, but not in men. The food items in this index generally fit into the known beneficial food groups of fruits, vegetables, and whole grains. However, the score does not emphasize low intakes of detrimental foods groups, such as red meats and added sugar, which may partly explain the inconsistent results between men and women as men may consume more red meat than women.
Conclusions
Both previous and recent data indicate that a plant-based diet with abundant fruits and vegetables, moderate amounts of dairy, and limited red and processed meats, refined grains, and added sugar is associated with lower risk of colorectal cancer. Results from a priori methods of defining dietary patterns (i.e., diet quality scores) and a posteriori methods of identifying existing eating patterns (i.e., principal component analysis) are remarkably consistent in supporting the benefits of that combination of foods. In addition, data are consistent despite the wide variety of specific types of fruits and vegetables within different regions. The cohort studies reviewed have reasonable follow-up durations that allowed for adequate time to capture potential dietary influences.
However, despite observed patterns associated with clear risk reduction, current data do not necessarily identify a single optimal diet for colorectal cancer prevention. None of the set of dietary characteristics, be it a priori recommendations or analysis of existing consumption patterns, were developed specifically for colorectal cancer prevention. Both previous and recent data are mostly from Caucasian populations. Although confirmation in other ethnicities is worthwhile, there is little reason why the same diet pattern would not be beneficial.
In conclusion, there is strong evidence to support that a minimally processed, plant-based diet with moderate dairy consumption and low intake of red and processed meat is associated with lower risk of colorectal cancer.
